MACHINE SPINDLE HAVING A GAS 
SPRING-OPERATED TOOL-CLAMPING MECHANISM 



[0001] This application claims priority under 35 U.S.C. §1 19 to Patent 
Application Serial No. 0301108-7 filed in Sweden on April 15, 2003, the 
entire content of which is hereby incorporated by reference. 

Technical Field of the Invention 

[0002] The present invention relates to a gas spring included in a 
machine spindle having clamping member. The gas spring comprises a 
housing, a first drawbar arranged in the housing, a piston connected with the 
first drawbar, which piston is axially displaceable in the housing, as well as a 
gas medium contained in the housing. The first drawbar is connected in a 
force-transmitting manner to a second drawbar that is connected to the 
clamping member 

Description of the Prior Art 

[0003] From SE-C-515 002 (corresponding to Anderson U.S. Patent 
No. 6,722,827), a clamping device is previously known comprising a gas 
spring, which has a one-piece drawbar. When gas springs of the kind in 
question are filled with gas medium when they are delivered to a customer, it 
is necessary to block the drawbar against the displacement that the 
contained pressure medium aims to apply to the drawbar. This blocking is 
made by providing the drawbar with a stop member, which is attached to the 
part of the drawbar that is outside the housing of the gas spring. In the area 
of the free end thereof, the drawbar has a member, usually a thread, for 
connection with a thread of an additional drawbar, which is included in a 
force-amplifier. This threaded joint takes up space in the axial direction and 
the total axial length of the threaded joint and the stop member is significant. 



Objects and Features of the Invention 

[0004] A primary object of the present invention is to provide a gas spring 
of the kind defined in the introduction where the components included in the 
gas spring are so formed that the assembly of the components is facilitated 
and that the risk of damaging seals included in the gas spring is reduced. 
[0005] Another object of the present invention is that when the gas 
spring is integrated with a force-amplifier, the total length of these generally 
should be as short as possible. 

[0006] Yet an object of the present invention is that the mounting of the 
gas spring according to the present invention in a machine spindle should be 
facilitated. 

[0007] At least the primary object of the present invention is realised by a 
machine spindle which comprises a casing defining a center axis, and a 
clamping mechanism disposed in the casing. The clamping mechanism 
comprises front and rear drawbars, a force transmitting mechanism, and a 
gas spring. The front drawbar has axially spaced front and rear ends. The 
front end carries a tool clamp which is operable to clamp a tool in response 
to rearward movement of the front drawbar. The rear drawbar is arranged 
behind the front drawbar. The force transmitting mechanism is arranged for 
transmitting rearward motion of the rear drawbar to the front drawbar to 
move the front drawbar rearwardly. The gas spring is arranged for biasing 
the rear drawbar rearwardly and comprises a housing and a piston. The 
housing is disposed in the casing and defines a gas chamber having a front 
wall through which the rear drawbar extends. The piston is disposed in the 
gas chamber for axial movement therein and is releasably connected to a 
rear end of the rear drawbar by a releasable coupling disposed in the 
chamber. 



Brief Description of the Drawings 

[0008] Below, an example of prior art as well as an embodiment of the 
invention will be described, reference being made to the accompanying 
drawings. 

[0009] Fig. 1 A shows a machine spindle according to prior art, a. force- 
amplifier according to prior art being included in the machine spindle. 
[0010] Fig. 1 shows a machine spindle having a force-amplifier according 
to the present invention, the machine spindle also comprising a newly 
developed gas spring. 

[0011] Fig. 2 shows in detail essential components of the force-amplifier 
in the starting position. 

[0012] Fig. 3 shows separately two wedges included in the force-ampli- 
fier. 

[0013] Fig. 4 shows in detail the essential components of the force- 
amplifier in an intermediate position. 

[0014] Fig. 5 shows in detail the essential components of the force- 
amplifier in a position where the force is raised. 

[0015] Fig. 6 shows a detail of a drawbar included in the force-amplifier. 

Detailed Description of a Preferred Embodiment of the Invention 
[0016] The conventional machine spindle shown in Fig. 1A comprises a 
casing B, which is rotationally symmetrical in respect of a longitudinal centre 
axis C-C of the machine spindle. The casing B has an internal, through- 
channel D, which has a circular cylindrical cross-section and is symmetrical 
in respect of the centre axis C-C, i.e., the centre axis C-C also constitutes 
the centre axis of the channel D, which has varying cross-section along the 
length thereof in order to enable assembly of the different components 
included in the machine spindle. In the channel D, a clamping mechanism of 
the machine spindle is arranged that comprises a gas spring E, a force- 



amplifier F as well as a clamping member G, the force-amplifier F being 
situated between the gas spring E and the clamping member G. As is seen 
in Fig. A, a drawbar H of the gas spring E slides within a housing K and is 
interconnected with a second drawbar I of the force-amplifier F by means of 
a threaded joint J, which accordingly is located between the gas spring E 
and the force-amplifier F. On the part of the first drawbar H that is outside a 
housing K of the gas spring E, a stop member L in the shape of a ring is 
applied. 

[0017] The machine spindle shown in Fig. 1 comprises a casing 1, which 
is rotationally symmetrical in respect of a longitudinal centre axis C-C of the 
machine spindle. The casing 1 has an internal, through channel 3, which 
has a substantially circular cylindrical cross-section and is symmetrical in 
respect of the centre axis C-C, i.e., the centre axis C-C also constitutes the 
centre axis of the channel 3, which has varying cross-section along the 
length thereof in order to enable assembly of the different components 
included in the machine spindle. In the channel 3, a clamping mechanism of 
the machine spindle is arranged that comprises a gas spring 5, a force- 
amplifier 7 as well as a conventional clamping member 9, the force-amplifier 
7 being situated between the gas spring 5 and the clamping member 9. 
[0018] The gas spring 5 comprises a housing 6 having an end portion 8, 
at the left end of the gas spring 5 in Fig. 1 . The drawbar 1 0 slides within the 
housing 6. 

[0019] As is seen in Fig. 1 , a one-piece first, or front, drawbar 10 extends 
from the right end of the gas spring 5 to the area of the force-amplifier 7. In 
that connection, the front (left) end of the first drawbar 10 in Fig. 1 is 
received in an axially extending recess 4 of a second, or rear, drawbar 1 1 , in 
relation to which the first drawbar 10 can move in the longitudinal direction 
by a limited distance. A spring 12 arranged between the front end of the first 
drawbar 10 and a recess of the second drawbar 1 1 damps the same motion. 
When the first drawbar 10 is displaced forwardly (towards the left in Fig. 1), 
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the spring 12 will push the second drawbar 11 also forwardly (towards the 
left) before a flange 17 of the first drawbar 10 gets into contact with the 
second drawbar 1 1 . At its front end, the second drawbar 1 1 has a male 
thread 13, which cooperates with a female thread 14 of an activating means 
15 of the clamping member 9. Thus, the male thread 13 and the female 
thread 14 together form a first threaded joint. The second drawbar 1 1 is 
included as part of the force-amplifier 7 and both the second drawbar 11 
and the activating means 15 are axially displaceable in the channel 3 of the 
casing 1. 

[0020] The clamping member 9 also comprises segments 16 which in an 
initial phase of assembly or disassembly of a tool are stationary in relation to 
the casing 1 in the longitudinal direction thereof. Said segments 16 are 
actuated by the activating means 15 when the same is displaced axially in 
the channel 3, the free ends of the segments 16 moving in radial and axial 
directions and effecting clamping of a tool coupling, for instance, of the type 
Coromant Capto®. This is prior art, which therefore is not described in 
detail. 

[0021] As may be seen in Fig. 1, the first drawbar 10 is provided with a 
flange 17 in the area of the first drawbar 10 that is between the housing 6 of 
the gas spring 5 and the force-amplifier 7. In the position of the machine 
spindle shown in Fig. 1, the flange 17 has come to abutment against the 
front end of the gas spring 5. During passage of the first drawbar 10 through 
the front end of the gas spring 5 in Fig. 1 , the first drawbar 10 is sealed in a 
conventional way. 

[0022] In the area of the rear (right) end of the gas spring 5 in Fig. 1 , the 
first drawbar 10 is provided with a male thread 18, which cooperates with a 
female thread 19 of a piston 20 of the gas spring 5, which piston is 
displaceable in relation to the housing 6 of the gas spring 5. In that 
connection, the piston 20 is, in a conventional way, sealed against the 
housing 6 wherein the housing 6 and the piston 20 together define an 



internal space 21 of the gas spring 5, in which space a gas medium, 
normally nitrogen gas, is contained. The gas medium has a pressure that is 
higher than the atmospheric pressure. 

[0023] Upon a comparative study of the machine spindles according to 
Fig. 1A and Fig. 1, respectively, it is seen that the machine spindle 
according to Fig. 1 has a smaller length than the known machine spindle 
according to Fig. 1 A. This has been enabled by the fact that the threaded 
joints J and 18/19, respectively, between the parts of the drawbar H and 10, 
respectively, have mutually different positions in the machine spindle. 
Thereby, a shortening of the length of the first drawbar 10 has been 
provided in comparison with the length of the drawbar H. The threaded joint 
18/19 at the piston 20 has been arranged without this part of the first 
drawbar 10 having needed to be extended, however, a minor increase of the 
diameter has been made in connection with the arrangement of the 
threaded joint 18/19. However, said increase of the diameter is, in practice, 
of no importance. 

[0024] The machine spindle according to the present invention also 
comprises a force-amplifier 7, which will be described more in detail below, 
reference being made to Figs. 2-6. 

[0025] The force-amplifier 7 comprises the part of the first drawbar 10 
located outside the housing 6 of the gas spring 5 as well as the second 
drawbar 11, which accordingly are axially displaceable in the channel 3 of 
the casing 1 . The force-amplifier 7 also comprises a number of sets of 
cooperating wedges, the force-amplifier 7 comprising three such sets that 
are evenly distributed along the circumference of the internal channel 3. 
[0026] Each set of cooperating wedges of the force-amplifier 7 
comprises a first, or radially inner, wedge 22 as well as a second, or radially 
outer, wedge 23, said wedges 22 and 23 being arranged in an appurtenant 
countersink 24 in the first drawbar 10. Thereby, the radial space requirement 
for each set of wedges 22, 23 is reduced. 
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[0027] In Fig. 3, the wedges 22 and 23 are shown separately. The first 
wedge 22 has a first sliding surface 31, a second sliding surface 32, a third 
sliding surface 33 and a fourth sliding surface 34, the fourth sliding surface 
34 being situated in the plane of the paper in Fig. 3. All said sliding surfaces 
are planar and oriented at an oblique angle relative to the axis C-C. The 
mutual angles between adjacent sliding surfaces are preferably obtuse. The 
second wedge 23 has a fifth sliding surface 35 and a sixth sliding surface 
36, said two sliding surfaces 35, 36 preferably being planar. The mutual 
angle between the same sliding surfaces 35, 36 is preferably obtuse. The 
second wedge 23 also has a first support surface 41 and a second support 
surface 42, said support surfaces 41, 42 in the embodiment illustrated 
having an extension perpendicular to each other. The second wedge 23 also 
has a side surface 43 having a notch 44, the side surface 43 generally 
having an extension transverse to the fifth and sixth sliding surfaces 35, 36. 
Preferably, the sliding surfaces and the side surfaces of the wedges 22 and 
23 have a friction-reducing coating. 

[0028] The second drawbar 1 1 of the force-amplifier 7 is provided with a 
number of radial grooves 50, see Fig. 6, the number of grooves 50 
corresponding to the number of sets of wedges, i.e., one set of wedges 22, 

23 is received in each groove 50. As may be seen in Fig. 6, the groove 50 
has a generally elongate shape in the longitudinal direction of the second 
drawbar 1 1 and the groove 50 widens towards a rear end thereof in the axial 
direction of the second drawbar 1 1 . The first wedge 22, which cooperates 
with this end of the groove 50, has a corresponding shape. The countersink 

24 is also provided with a bulge 51 on one side wall thereof, said bulge 51 
being intended to cooperate with the notch 44 of the second wedge 23. 
Furthermore, the groove 50 has, in the area of the widened end thereof, an 
eighth sliding surface 58, which generally has an extension transverse to the 
centre axis C-C of the machine spindle. 
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[0029] In the force-amplifier 7, also an anvil 55 is included in the form of 
a sleeve, which is arranged in the internal channel 3 and encircles the 
second drawbar 11, the anvil 55 abutting against a shoulder 56 in the 
internal channel 3. At the end thereof turned from the shoulder 56, the anvil 
55 has a sloping, seventh sliding anvil surface 57 which is oriented obliquely 
relative to the axis C-C and intended to cooperate with the first sliding 
surface 31 of the first wedge 22. The first planar sliding surface 31 and the 
seventh planar sliding surface 57 have an inclination of approx. 45° to the 
centre axis C-C of the machine spindle. The anvil 55 is stationarily mounted 
in the internal channel 3, i.e., the anvil 55 abuts permanently against the 
shoulder 56. 

[0030] The above-described force-amplifier 7 operates in the following 
way. In Fig. 2, the force-amplifier 7 is shown in the starting position, wherein 
the free end of the second drawbar 1 1 abuts against the flange 17 of the 
first drawbar 10. In this position, the first drawbar 10 is accordingly 
displaced maximally towards the front (left in Fig. 2), this being effected by 
means of an external hydraulic piston (not shown) or the like, which pushes 
against the rear (right) end of the first drawbar 10, see Fig. 1 . The forward 
(leftward) displacement of the second drawbar 1 1 is effected against the 
action of the pressure medium contained in the gas spring 5. In that 
connection, the segments 16 are in the radially innermost positions thereof 
and a desired tool may be mounted on the clamping member 9. When the 
force from the external hydraulic piston is relieved or otherwise enables the 
first drawbar 10 to move towards the rear in Fig. 2, under the action of 
energy stored in the gas spring 5, the transitional phase shown in Fig. 4 will 
be initiated. In that connection, the direct abutment between the second 
drawbar 1 1 and the flange 17 of the first drawbar 10 will cease. The 
rearward displacement of the first drawbar 10 in Fig. 4 causes a 
displacement of the second planar sliding surface 32 of the first wedge 22 to 
occur in relation to the fifth planar sliding surface 35 of the second wedge 
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23. The second planar sliding surface 32 of the first wedge 22 and the fifth 
planar sliding surface 35 of the second wedge 23 have an inclination of 
approx. 65° to the centre axis C-C of the machine spindle. In that 
connection, the first wedge 22 will move radially outwardly, which means 
that the first planar sliding surface 31 of the first wedge 22 will be displaced 
along the seventh planar sliding surface 57 of the anvil 55 at the same time 
as the fourth planar sliding surface 34 of the first wedge 22 is displaced, in 
relation to the eighth planar sliding surface 58 of the groove 50 in the 
second drawbar 1 1 . Since the anvil 55 is stationary, the radial displacement 
outwardly of the first wedge 22 will mean that a certain axial rearward 
displacement of the second drawbar 1 1 takes place in Fig. 4. 
[0031] A continued relative displacement between the first wedge 22 and 
the second wedge 23 eventually results in the cooperation between the 
second planar sliding surface 32 and the fifth planar sliding surface 35 
ceasing, and then the third planar sliding surface 33 of the first wedge 22 will 
begin cooperation with the sixth planar sliding surface 36 of the second 
wedge 23, see Fig. 5. Thereby, the force-amplifying phase has been 
initiated. Since the third sliding surface 33 and the sixth sliding surface 36 
have a substantially smaller inclination in relation to the centre axis C-C of 
the machine spindle than the second sliding surface 32 and the fifth sliding 
surface 35, the relative displacement between the third sliding surface 33 
and the sixth sliding surface 36 will generate a smaller radial displacement 
outwardly of the first wedge 22 for a corresponding axial displacement of the 
first drawbar 10 in comparison with the above-described relative 
displacement between the second sliding surface 32 and the fifth sliding 
surface 35. However, the force applied from the surface 35 of the second 
wedge 23 to the surface 33 of the wedge 22 now has a larger component in 
the radially outward direction, which, via the surfaces 31, 57, results in an 
amplification of the axial rearward force that is applied to the second 
drawbar 1 1 . 
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[0032] That amplification occurs at the transition from cooperation 
between the second sliding surface 32 and the fifth sliding surface 35 to 
cooperation between the third sliding surface 33 and the sixth sliding surface 
36. During the cooperation between the third sliding surface 33 and the 
sixth' sliding surface 36, the transfer of the force to the second drawbar takes 
place as before, i.e., the first sliding surface 31 of the first wedge 22 
cooperates with the seventh sliding surface 57 of the anvil 55 and the fourth 
sliding surface 34 of the first wedge 22 transfers the axial force to the eighth 
sliding surface 58 of the second drawbar 11. 

[0033] In general it is the case that the mutually cooperating sliding 
surfaces 32 and 35, and 33 and 36, respectively, of the cooperating wedges 

22, 23 are parallel with each other, whereby a satisfactory surface contact is 
guaranteed, as compared to a less desirable line contact. Also the first 
sliding surface 31 of the first wedge 22 is parallel with the seventh sliding 
surface 57 of the anvil 55. 

[0034] Upon study of Fig. 6, it is realized that the cooperating design of 
the widened part of the groove 50 and the conicity of the first wedge 22 
result in that the wedge 22 cannot be axially displaced but can be displaced 
solely radially in relation to the second drawbar 1 1. As for the second wedge 

23, it is, as has been pointed out above, provided with a notch 44 that in the 
mounted position of the second wedge 23 cooperates with a bulge 51 of the 
countersink 24. Thereby, it is guaranteed that the second wedge 23 follows 
the first drawbar 10 when the same moves from the position according to 
Fig. 5 to the position according to Fig. 2. 

Feasible Modifications of the Invention 

[0035] In the above-described embodiment, the first drawbar 10 and the 
piston 20 are connected by means of a threaded joint. However, within the 
scope of the present invention, alternative ways of dismountably connecting 
the first drawbar 10 and the piston 20 are also conceivable, wherein, for an 
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exemplifying and not limiting purpose, a bayonet coupling may be 
mentioned, the same being locked in connecting position by means of, for 
instance, some type of locking screw. 

[0036] Neither it is necessary that the threaded joint is located in 
connection with the piston 20 but, as far as space admits, the threaded joint 
may, for instance, be located on an intermediate area of the first drawbar 10. 
[0037] Although the present invention has been described in connection 
with a preferred embodiment thereof, it will be appreciated by those skilled 
in the art that additions, deletions, modifications, and substitutions not 
specifically described may be made without departing from the spirit and 
scope of the invention as defined in the appended claims. 



